Non-carious cervical lesions (NCCLs) are defined as the loss of dental hard tissue at the cementenamel junction. Erosion, abrasion, and attrition have been associated with this disorder. Objective: Recently, occlusal stress causing of cervical enamel cracks (abfraction) has been considered as an additional etiology for NCCLs to facilitate the erosion and abrasion mechanisms in tooth wear. Study Design: The prevalence of NNCLs and wear facets in a population with permanent dentition in absence of any clear etiological factors related to erosion and abrasion causes is evaluated. A total 295 subjects are enrolled for this study and divided into four age groups (subjects aged 15 -27 years, 28 -42 years, 43 -57 years and 58 -75 years respectively). An overall of 6629 teeth are investigated to find NCCLs and wear facets. The occlusion is analyzed in each patient. Results: An overall of 801 teeth (12%) show NCCLs and 623 of them (78%) highlight also wear facets. The higher number of teeth with NCCLs and of these with simultaneous presence also of wear facets are found on teeth of patients of group-3 (11% of all teeth examined for group and 81% respectively) and to group-4 (24.4% of all teeth examined for group and 86.5% respectively) of remaining teeth without NCCLs (5828) only 138 (2.4%) shown wear facets. Conclusion: The results of this study held the occlusal forces as the main cause of NCCLs on teeth in presence of wear facets.
Introduction
The term noncarious cervical lesion (NCCL) refers to the loss of tooth structure at the cemento-enamel junction (CEJ) and subjacent root surface of the teeth by wear processes unrelated to bacterial action [1] . The lesions can be located on the vestibular, oral, or approximal side of the tooth. NCCLs may cause problems such as poor aesthetics, increased plaque retention, tooth sensitivity compromising the pulp vitality, and can be diagnosed by detailed history, visual, and tactile examination [2] . NCCLs are managed by addressing any identifiable underlying causes, the application of desensitizing agents, and the placement of restorations, but prevention and management can be difficult if their etiology is unclear [3] . The prevalence of cervical wear attributed to noncarious processes is reported to fluctuate between 5% and 85% of all the pathological destructions of the hard dental tissue [4] . This large variation reflects the relatively few studies reporting the prevalence of cervical wear alone. Abrasion, erosion and corrosion are considered as the causes of NCCLs, and often the lesion shape is related to its etiology [5] . Levitch et al. (1994) suggested that dental cervical lesions with sharply defined margins could be caused by abrasion factors, whereas erosive causes could produce broader, dish-shaped, and shallower lesions [4] [6] . Lee et al. (1984) and Oginni et al. (2003) disagreed that excessive or incorrect brushing could be responsible for wear of hard tissue of the teeth. This is especially true when only a single tooth is involved or when NCCLs are found in patients who have never brushed teeth [7] [8] . In fact, the finding of a tooth with a NCCL adjacent to a tooth without any lesions, the presence of subgingival non carious lesions where it should not occur, owing to erosion or abrasion factors, and the occurrence of wedge-shaped lesions in animal teeth and in the teeth of prehistorical people, have strengthened the hypotheses that different etiological factors for NCCLs can operate [9] .
Grippo (1991) introduced a new category, abfraction from the Latin words "ab" or away and "fractio" or breaking to explain NCCLs. The abfraction hypothesis is a biomechanical theory in which tensile stress concentrations at the cervical regions of the teeth, caused by tooth flexure during heavy occlusal loading, leads to cervical micro-crack formation by disrupting bonds between hydroxyapatite crystals in enamel and dentine. This will allow the water or other small molecules to penetrate the broken hydroxyapatite chemical bonds making the tooth susceptible to chemical erosion or less resistant to abrasive factors [10] . The discovery of well-demarcated and flattened shiny areas on the chewing surfaces of the teeth, known as wear facets, can reveal a stressful occlusion by tooth-tooth interaction [11] . The finding of wear facets in teeth with wedge-shaped NCCLs should give more validation to occlusal stress as causative agent and in some cases should be considered as the initial event in absence of other recognizable causative factors [12] . Because the prevalence of NCCLs is increasing, the identification of the risk factors intercepting the initial trigger represents the key for success in diagnosis, prevention, treatment and management of cervical lesions. The aim of this study is to evaluate the etiological responsibility of occlusal stress in teeth with wedge-shaped NCCLs, in absence of etiological factors correlated to abrasion or erosion, analyzing the contemporaneous presence of wear facets in a population with permanent dentition.
Subjects and Methods
A total of 878 patients (aged 6 -78 years, median 54 years) came to the Department of Dentistry at the Second University of Naples between 2009 and 2014 complaining of dental problems. All patients were informed of the purpose of the research and on the details of the examination procedures.
Only one dental researcher was utilized to examine all patients. The buccal, lingual, and palatal surfaces of all of the teeth were examined with probe tips utilizing measuring glasses at x4 magnification. The tip of the probe was held perpendicular to the tooth surface and inserted to the bottom of the gingival sulcus, crossing the cement-enamel junction (CEJ). If the probe detected some irregularity, to cervical enamel and at the CEJ of the teeth, these were considered noncarious cervical lesions [13] . Afterward, the lesions hidden in the depth of the gingival sulcus were revealed by a gingival retraction cord. All lesions were photographed and analyzed using a computer graphics software to better identify the shape and angles of NCCLs.
Patients satisfying the following criteria were considered suitable for the study: -age older than 14 years; -presenting with a wedge or V-shaped vestibular or palatal/lingual lesions at the cervical enamel and at the CEJ of at least 1 tooth.
Exclusion criteria
Patients with a history of tooth abrasion and erosion: -excessive brushing of teeth correlated with a history of toothbrush renewal, in less than 30 days for medium bristles and 45 days in for hard bristles, for premature curvature of the bristles becoming curled and matted; -use of excessive abrasive toothpaste with relative abrasive dentine (RDA) > 120; -reported history of horizontal brushing of teeth (toothbrush abrasion); -a usual diet of acidic foods, soft drinks, alcoholic beverages, fizzy mineral water, or fruit juice; -gastro-esophageal reflux or anorexia; -habitual use of tranquilizers for more than two months. On the basis of these criteria, 295 patients (130 males and 165 females; aged 15 to 75 years, mean 54 years) were enrolled in this study. All patients signed an informed consent form, and the procedures of this study were in accordance with institutional and national ethical standards on human experimentation and the Helsinki Declaration of 1975, as revised in 2008. For these subjects, 6629 permanent teeth were examined (with a mean of 22 teeth per subject) and grouped by type as shown in Table 1 . Teeth with prosthetic hooks and with structural abnormalities showing NCCLs were excluded from study.
In all patients, bruxism activity, and occurrence of dental attrition and occlusal pits checking dental occlusion during both centric function and lateral excursion and protrusion were analyzed. The cervical lesions were examined, and the occlusal contacts in maximal intercuspal position (MIP) and during lateral and protrusive movements with the aid of articulation paper were verified. The presence of wear facets for all affected and unaffected teeth by NCCLs in MIP and during lateral and protrusive movements was investigated visually after careful drying of teeth. The wear facets were assessed for identification of flat and smooth surfaces on the cusp ridges, on triangular ridges, or on inclined planes of the examined teeth and validated by find of similar wear facets in correspondence of surfaces of opposed teeth with help of articulating paper. All data obtained from this study were analyzed by Chi square Test.
Results
The patients were divided into four age groups: group-1 with subjects of 15 -27 years, group-2 of 28 -42 years, group-3 of 43 -57 years, and group-4 of 58 -75 years. A total of 801 teeth were found affected by V-shaped A total of 801 teeth were found affected by V-shaped NCCLs, of which, 408 in the maxilla and 393 in the mandible. The number of lesions per subject ranged from 1 to 15, with a mean of 2.72 lesions per subject. Table  1 shows teeth with NCCLs grouped for type of teeth. Only 243, of 295 subjects examined, showed 623 teeth with wear facets on teeth with NCCLs. The distribution of teeth with NCCLs in 4 age groups has allowed the evaluation of the morbidity of NCCLs and of wear facets in the examined teeth in relation to age. The higher prevalence/incidence of NCCLs highlighted on teeth for each group and of which those with simultaneous presence of wear facets were found in subjects of group-3 (11% and 81% respectively) and of group-4 (24.4% and 86.5% respectively) ( Table 2) . Besides we highlighted a total of 382 anterior teeth and 419 posterior teeth with NCCLs without wear facets vs a total 293 anterior teeth and 330 posterior teeth with simultaneous presence of NCCLs and wear facets. The 623 total teeth with simultaneous presence of NCCLs and wear facets were found in 114 subjects showing evident or referred parafunctional habits (such as bruxism, nail biting), in 21 with chewing unilaterally, in 31 with clenching of teeth and in 47 with tooth malposition; only 30 subjects did not show any clear parafunctional activity or occlusal abnormalities. The rest of 178 teeth with NCCLs without wear facets (2.7% of 6629 of total teeth; 22% of 801 total teeth with NCCLs) were found in patients with positive medical history for parafunctional habits or activity but belonged to younger groups for which, probably, the time had not yet allowed the formation of wear facets.
Besides the study highlighted the presence of 138 teeth with wear facets without NCCLs ( Table 3 ).
Discussion
Of the 6629 teeth analyzed in 295 subjects, 801 teeth (12%) showed V-shaped NCCLs and on 623 (78%) of them were found the simultaneous presence of wear facets of which 260 (81%) on 317 and 256 (86.5%) on 294 belonged to teeth of patients of group-3 and -4 respectively. The finding of NCCLs and wear facets on same tooth increases the hypothesis of responsibility of occlusal stress in the pathogenesis of V-shaped NCCLs. The more findings of NCCLs and of wear facets found in the teeth of group-3 and -4 could indicate a more protracted exposure to the etiological stress factors compared with lower findings for teeth of younger patients in group-1 (12.4% with p < 0.0002) and in group-2 (58.4% with p < 0.006). These results together with the analysis of data from Table 3 Takehara J et al. (2008) on etiological responsibility of occlusal forces to causing the V-shaped NCCLs (abfraction) [13] - [16] .
We agree that the occlusal stress and tooth flexure could play a significant role in the etiopathogenesis of NCCLs. No single mechanism (abrasion, erosion, and abfraction) is adequate to explain all occurrences of clinical pictures of NCCLs, but a variable combination of all potential factors, operating at different levels and sometime the abrafction could represent the causative primum movens for NCCLs [17] . It has not been clearly identified if one process is more responsible for lesion initiation or for its progression, or vice versa. Initiation of breakdown by one process can make the tooth more susceptible to damage by the other processes, perhaps in a synergistic manner. Subsequently, one factor might predominate for the progression leading to the varied morphological presentations [18] . Ruling out from study all patients with a history of tooth abrasion or erosion, the discovery of NCCLs and of wear facets on the same tooth, should prompt us to considering occlusal stress as the main cause. Clinical evidence would suggest, for these cases, that the primary etiologic factor of angled, V-, or wedgeshaped cervical lesions is the tensile stress from masticatory and parafunctional habits causing tooth flexure and that local factors may play a secondary role in the dissolution of tooth structure intervening in change of shape of /lesions. Although there is no clear evidence about how the different forms of NCCLs may relate to one another, one could postulate that they reflect different stages of progression of the lesion [19] .
We have observed a more incidence of NCCLs in subjects without any malocclusion but with flat occlusion and maximal interarch tooth contact in the centric occlusal function. Excursive tooth contacts can cause considerable tensile and shearing forces, especially if there are occlusal interferences. Indirect evidence is provided by the finding that bruxers have a greater incidence of NCCLs than nonbruxers. The finding of 138 teeth with wear facets without NCCLs but with a periodontal tissue not perfectly sound, might be related to the fact that forces of occlusal stress could have caused teeth migration, limiting or avoiding the break of dental tissue at the cement-enamel junction.
It would be desirable to repeat this study on a larger population as would be useful and program a prospective multicenter clinical trial based on the evaluation in time of the evolutionary behavior of the NCCLS after correction of factors of occlusal stress.
Conclusion
Erosion and abrasion have been widely reported as the causes of NCCLs. Recently, the tooth flexure has been proposal as additional or initial etiological factor in the formation of these lesions generating renewed interests in the pathogenesis of the noncarious loss of cervical tooth substance [20] . In fact, it is not always possible to find from the history of patients with NCCLs any over-brushing habit or food custom or pathologies that can be related to teeth cervical lesions. In these cases, a careful occlusal analysis to find a possible occlusal stress responsibility should be considered. The restoration or periodontal surgery with connective graft of NCCLs have to be considered parts of a therapy program more complex where the largest component must be targeted to the correction of occlusal stress eliminating parafunctions, suggesting soft bite and requiring psychotherapy sessions.
